the traditional approach to designing multichannel microwave switches and multiplexers used in satellite communications is to build them empirically channel by channel, which takes about one week per channel, or 10 weeks for a 10-channel device. A team of engineers at Com deV, a space hardware manufacturer, has developed a new multiplexer design method that intelligently links the HFSS 3-d full-wave finite element electromagnetic (em) simulator from ANSYS with a faster but less accurate coupled rlC circuit model. Six or seven iterations of this process, which take about two hours each, are sufficient to optimize the design, a total of about two days.
A communications satellite acts as a repeater high above the globe. rF signals from the ground station travel toward the satellite, where they are received, converted, amplified and transmitted back to earth. A transponder is the hardware used to take in signals on one set of frequencies and then resend to the ground on other frequencies. multiple transponders use different f re q u e n c i e s t o m a x i m i z e t h e communications capacity of the satellite. this creates the need for multiplexers, which separate the received signal into frequencies used by each transponder. At the same time, the multiplexers serve as microwave filters with little attenuation in their passbands and steep skirts at the edges of their bands. Additional multiplexers are used to combine the output signals of the transponders into a single rF signal for the return trip to earth.
Com deV technology is used on more than 700 spacecraft, including 80 percent of all commercial communications satellites ever launched. most fixed-service communications satellites use Com deV input and Circuit and field tools combine to optimize satellite multiplexer design, reducing time from 10 weeks to two days.
Successful Launch
output microwave multiplexers. A typical 10-channel output multiplexer contains 140 design variables. Fullwave em simulation can accurately model the performance of a multiplexer; however, optimizing the performance of all 140 design parameters with dielectric material would require thousands of simulation runs. the traditional approach has long been to use physical experiments to build and test multiplexer devices one channel at a time. this approach is time consuming and highly dependent on the design optimization skills of technicians and engineers.
Com deV developed a more efficient and robust simulation method that uses space-mapping simulation to link HFSS with a fast but not 
very accurate rlC circuit model, combining the best features of both tools. the space-mapping concept is based on mapping between optimizable design parameters of t h e f i n e m o d e l a n d p re c i s e l y corresponding parameters of the coarse model. this approach differs from earlier space-mapping algorithms as it establishes implicit rather than explicit mapping between the fine and coarse models. In each iteration, the implicit space-mapping algorithm extracts selected preassigned parameters to match the coarse model with the fine model. With these pre-assigned parameters fixed, the calibrated coarse model is re-optimized, and the optimized design parameters are then assigned to the fine model. this process is repeated until the fine model response is sufficiently close to the target response. All channels of the multiplexer can be optimized simultaneously.
Multiplexer Design Example An example shows how this m e t h o d w o r k s i n p r a c t i c e : a 10-channel manifold-coupled output multiplexer in the frequency band of 3.5 gHz to 4.25 gHz. the multiplexer comprises a number of channels, each consisting of a narrow bandpass filter connected to a waveguide manifold. eight channels have a bandwidth of 1.5 percent, and the remaining two have a bandwidth of 0.8 percent. the equivalent circuit of one channel of this filter is used as a coarse model. As a rule of thumb, rlC models are valid when electrical length is less than one-tenth of the wavelength (λ). the wavelength at 3 gHz is approximately 100 millimeters, so the transmission line and radiation effects not captured with an rlC model are important, and an S-parameter model is required for a complete description of the multiplexer behavior. the geometric dimensions of the manifold and the channels were optimized by applying the space-mapping optimization algorithm to the overall circuit model of each channel to optimize the channel dimensions. rapid design of an rF and microwave component can be easily accomplished when HFSS and designerrF products from ANSYS are used together. employing these two tools in combination allows a user to design, optimize or tune a device with the accuracy of HFSS at a speed that rivals the time that it takes to perform a circuit simulation. rF and microwave components often comprise basic building blocks or repeating elements. these blocks are usually simple and are quickly and easily simulated using HFSS. When these basic blocks are combined into a more complex structure, the electromagnetic simulation time can increase dramatically.
A multi-pole waveguide cavity filter consisting of four cavities and five irises using three iris and two input elements can quickly be created in DesignerRF using iris and input elements. For each of the individual elements, the dimensions of the iris and waveguide length can be parameterized and solved in HFSS, the five elements can be combined in DesignerRF, and a given filter response can be determined by changing the available dimensional variations. However, it is still possible to rapidly design, optimize or tune these very complex components. For a full rF and microwave component, the simpler basic elements are created, parameterized and rapidly simulated in HFSS. the full parametric solution of each building block is then stored in a design element repository. using any combination of elements from this repository, the full rF and microwave component can be assembled or synthesized inside designerrF. Since all the individual elements are parameterized and electromagnetically characterized, the final assembly can be rapidly tuned using the designerrF tool.
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Rapid Design of RF and Microwave Components
Markus Kopp, Product Manager, Electronics, ANSYS, Inc. An accurate multiplexer model was obtained by replacing each channel with the corresponding parameters sweep provided by HFSS at the optimal channel dimensions. HFSS technology can accurately model multiplexers and other passive microwave components down to fine details, such as tuning screws and probes. HFSS employs the finite element method on small unstructured mesh elements (where needed) and large elements (where small elements are not needed) to reduce processing time without sacrificing accuracy. Adaptive meshing refines the mesh automatically where field accuracy needs to be improved. the engineer began the modeling process by importing the geometry of the initial design from a computeraided design (CAd) file. the engineer then defined the electrical properties of the materials, such as permittivity and dielectric loss tangent, permeability and magnetic loss tangent, bulk electrical conductivity, and magnetic saturation. the next step was defining boundary conditions that specify the field behavior on the surfaces of the solution domain and object interfaces, such as lumped rlC for tuning elements and impedance for thin film resistors. ports were defined where energy enters and exits the model.
to calculate the S-matrix of a structure with ports, HFSS automatically defined a geometrically conforming tetrahedral mesh. It then computed the modes on each port of the structure that are supported by a transmission line having the same cross section as the port. HFSS computed the full electromagnetic field pattern inside the structure, calculating all modes and all ports simultaneously for the 3-d field solution. the next step was computing the generalized S-matrix from the amount of reflection and transmission that occurs. the resulting S-matrix allowed the magnitude of transmitted and reflected signals to be computed directly from a given set of input signals, reducing the full 3-d electromagnetic behavior of a structure to a set of high-frequency circuit parameters. the coupling matrix of the coarse model was then fitted with the corresponding S-parameter sweep block computed by the em simulator at t h e o p t i m a l c h a n n e l d e s i g n parameters over the multiplexing frequency band of interest. the resulting multiplexer model takes into account the effects of channel dispersion and spurious modes. Finally, the manifold parameters were re-optimized to meet the required specifications. the optimization variables included manifold spacing between channels and lengths of waveguides connecting the channels to the manifold. by optimizing the new multiplexer model, the manifold design parameters were adjusted to compensate for channel dispersion and spurious modes.
Optimization Achieves Close-to-Ideal Design
Com deV has used this approach to design a large number of multiplexers and other passive microwave components. the company has dramatically reduced the amount of time and money required to design each component. the process has made it possible to bring new products to market at a much faster rate. At the same time, the quality of the designs has been improved, since the new method is repeatable and verifiable and does not rely on the skills of the individual engineer. Ideal response of the multiplexer (solid line) compared to the HFSS simulated response (dashed line) of the final design Measured response of the multiplexer prototype bulk electrical conductivity, and and reflected signals to be computed directly from a given set of input signals, reducing the full 3-behavior of a structure to a set of high-frequency 10-channel output multiplexer
